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I. THE IDENTITY OF THE 
CONTRACTILE MECHANISM IN 
SMOOTH AND STRIATED 
MUSCLES 
About 30 years ago, Ernst 
Fischer introduced a new approach 
to muscle research by comparing 
the fine structure, and the function 
of the contractile mechanism of 
smooth and , striated muscle. At 
that time (Fischer, 1936a and b ; 
1938) he systematically and suc-
cessfully investigated the total, the 
intrinsic, and the form birefrin-
gence of smooth muscles and com-
pared his results with analogous 
data concerning the contractile 
structure (Noll and Weber, 1935) 
and the oriented actomyosin threads 
(Weber, 1935) of skeletal muscle. 
These investigations were especially 
important because the birefrin-
gence of all muscles is based on its 
contractile structure and functional 
state, and because birefringence 
was better understood in micellar 
and molecular terms* since Wien-
er's theory. 
It was found that the total bi-
refringence of all smooth muscles 
(Fischer, 1936a and b; 1938) and 
skeletal muscles (Noll and Weber, 
1935; Weber, 1935) is composed 
*In the 1930's, the x-ray diffrac-
tion patterns of muscle (Astbury and 
Dickinson, 1935; Boehm, 1931 ; 
Boehm and Weber, 1932) were un-
specific because of their technical im-
perfection and because only wide 
angle diffraction patterns were pos-
sible. It is therefore not astonishing 
that these patterns appeared to be 
identical, not only in all types of 
muscle, but also in other fibrous pro-
tein structures such as keratin and 
fibrin . 
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of intrinsic and form birefringence, 
and that the diffraction coefficient 
in both striated and smooth muscle 
deviates little from the value of 
1.5. On the other hand, Fischer 
( 1935a and b; 1938) found con-
siderable quantitative differences in 
the amount of intrinsic and form 
birefringence, even in the case of 
different smooth muscles. The dif-
ferences between smooth and stri-
ated muscle appeared especially 
large when the volume fraction of 
the birefringent elements was cal-
culated from the form birefrin-
gence. The volume fraction of the 
double birefringent portion ap-
peared to be about 10 times sma1Ier 
in the smooth muscles investigated 
than in striated muscle (Fischer, 
1938). Consequently, the intrinsic 
birefringence of the small birefrin-
gent volume in smooth muscle 
ought to be about 10 times larger 
than that of the large volume in-
volved in striated muscle. This 
follows from the fact that the bire-
fringence of the entire muscle-
volume is similar in both types of 
muscle. This raises some problems! 
On the other hand, from the quali-
tative similarity in the birefringence 
of smooth and striated muscle, 
Fischer was able to conclude that 
the contractile fine structure of 
smooth and striated muscle was 
essentially identical (1936a and b; 
1938). 
In the meantime, additional im-
portant evidence was obtained with 
chemical and other (non-morpho-
logical) methods which strongly 
suggested that the contractile mech-
anism in all kinds of muscle and 
even in contractile cells such as 
fibroblasts, amebae, and thrombo-
cytes was identical. This consisted 
of five main points: 
1) From all kinds of muscle, in-
cluding smooth muscle (Naeslund 
and Snellman, 19 51) and contrac-
tile cells (Hoffman-Berling 1956; 
1958), a typical contractile pro-
tein can be extracted which con-
sists of two components, myosin 
and F-actin (see also table 1) . 
2) The ratio of the two compo-
nents is about the same in smooth 
and striated muscle, i.e., about 3 or 
4 g myosin per one gram actin 
(see table 1). 
3) Most importantly, the con-
tractile structures of all kinds of 
muscle (Bohr, Filo, and Guthe, 
1962; Hasselbach and Ledermair, 
1958; Huxley, 1963 ; Weber, 1958; 
Ulbrecht and Ulbrecht, 1952) and 
contractile cells (Hoffman-Berling, 
1956) contract and relax under 
identical conditions when they are 
functionally isolated by extraction 
of the soluble muscle components. 
Contraction and relaxation occur 
only in the presence of ATP when 
Mg++ ions are also present (e.g. in 
smooth muscle, Hasselbach and 
Ledermair, 1958). Contraction is 
always maximal when the concen-
tration of free calcium ions is about 
10-" M, and relaxation is complete 
when the free calcium concentra-
tion is below 10-1 M (fig. 1; see 
also Hasselbach, 1964). 
4) The ATPase activity is high 
during contraction and low during 
relaxation and rest (cf. figs. 1 and 
2). 
5) In cross-striated muscle (Has-
selbach, 1964; 1960; Barany and 
Jaisle, 1960) and probably also in 
smooth muscle, this behavior of the 
ATPase activity depends on the 
association of myosin and actin 
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during contraction, and on their 
dissociation during relaxation. 
This physicochemical and func-
tional similarity in the contractile 
complex of smooth and striated 
muscles has its counterpart in the 
similarity of its components-actin 
and myosin. The myosin compo-
nent contains ATPase activity 
which is activated by Ca ions and 
inhibited by Mg ions in striated 
muscles (Barany and Jaisle, 1960) 
or at least not activated by Mg ions 
in smooth muscles (Gaspard-God-
froid , 1964; Needham and Cawk-
well, 1956; Schirmer, 1965). How-
ever, the intact F-actin component 
has no A TPase activity in smooth 
muscles (Ruegg, Strassner, and 
Schirmer, 1965). All kinds of my-
osin have a similar sedimentation 
constant of about 6 S (in smooth 
muscles, Cohen, Lowey, and Ku-
cera, 1961; Laszt and Hamoir, 
1961). The myosin component of 
all kinds of muscle is soluble even 
in the absence of ATP if the ionic 
strength is larger than 0.3 µ, , and 
barely soluble if it is smaller than 
0.15 µ,. The purified myosins of 
smooth (Hanson and Lowy, 1963) 
and striated muscle (Huxley, 1963) 
precipitate at ionic strengths below 
0.3 µ, , not as amorphous aggre-
gates, but as "typical" myosin fila-
ments with a polar structure. 
The fibrous form of the actin 
component (F-actin) of smooth as 
well as striated muscle is trans-
formed into the globular actin 
monomer (G-actin) in salt-free so-
lutions. G-actin polymerizes again 
to form F-actin when salt and 
Mg++ or Ca++ ions are added (e.g. 
in smooth muscle, Carsten, 1965; 
Schirmer, 1965 table 2). The actin 
components of smooth and striated 
muscle are completely soluble in 
solutions of high and low ionic 
strength, in the G state as well as 
in the F state (e .g. in smooth mus-
cle Hasselbach and Schneider, 
1951). F -actin filaments from all 
types of muscle, including verte-
brate smooth muscle (Hanson and 
Lowy, 1963; Shoenberg et al., in 
press) have a double helical struc-
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ture of about 50 A thickness (ta-
ble 2). 
The conditions for the formation 
of the actomyosin complex from 
actin and myosin of smooth and 
striated muscle are identical: 
1) In the absence of ATP or 
other nucleosidetriphosphates, actin 
and myosin combine to form acto-
myosin quite independently of the 
ionic strength in the range of 0.1 
to 0.6 µ, (e.g. in smooth muscle 
Bohr et al., 1962; Naeslund and 
Snellman, 1951; Needham and 
Cawkwell, 1956). 
2) In the presence of ATP the 
complex is dissociated into its com-
ponents if the ionic strength is 
greater than 0.3 µ, (e.g. in smooth 
muscle Bohr et al., 1962; Naeslund 
TABLE 1 
and Snellman, 1951; Needham and 
Cawkwell, 1956) . 
3) The formation of the acto-
myosin complex has the same func-
tional consequences in all types of 
muscle. If ATP, Mg++ ions and 
traces of Ca++ are present, the acto-
myosin structure contracts and de-
velops tension (fig. 2). 
The contractile structures of 
smooth muscle (Hasselbach and 
Ledermair, 1958; Ulbrecht and Ul-
brecht, 1952; Filo, Bohr, and 
Ruegg, 1965) and of striated mus-
cle (Barany and Jaisle, 1960; Has-
selbach, 1960; 1964; Weber, 1958) 
relax again only in the presence of 
ATP if the splitting of ATP is 
inhibited by a lack of Ca++ ions, by 
interaction inhibitors or by SH-
Actomyosin Content of Smooth a nd Striated Muscle 
Musc le Ac to myosi n content Act in - Myosin Author 
in % af protein Rat io 
Cross st r iated 52 1 : 3 Hassel bach and 
(ra bbit) Sch neider (1951) 
Arter ies (cow) 3 RUegg et a l . (1965) 
Uterus (rabbi t) 2 to 4 1 : 4 Needham and 
Wil liams (1963) 
Taenia coli 3 RUegg et al. (1965) 
Byssus retractor 25 RUegg (1961) 
(c lam) 
TABLE 2 
Double Helices and Reversible Depolymerization of Actin in Smooth and Striated 
Muscle 
Muscle Actin filaments with double Reversible po lymerization 
helical structure according and depolymerization ac-
to: (author) cording to: (author ) 
Cross str ia ted (rabbit) Hanson and Lowy (1963) Straub (1943) 
Cross stria ted (clam) Hanson and Lowy (1963) 
Cross str iated (crab) Pe terson ( 1963) 
Uterus (rabbit) Hanson and Lowy ( 1963) Carsten (1965) 
Taenia coli Hanson and Lowy (1963) 
Arteries (cow) Shoenberg et al., in press RUegg et al. (1965) 
Smooth a dductor (c lam) Hanson and Lowy ( 1963) 
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Fig. 1-The calcium requirement for the activation of smooth and cross striated 
glycerol extracted muscle fibers or myofibrils. Abscissa: negative logarithm of 
the free calcium ion concentration. Ordinate: A, ATPase activity; B, tension, 
both as percent of maximal activation; 0 = activity in the absence of calcium 
activation. Cross striated muscle is represented by the broken line, smooth 
muscle by the solid line. O taenia coli of the guinea pig, !:::,. heart of the dog, 
e leg muscle of insect (Schaedler, in preparation); • leg muscle of the crab 
(Portzehl et al., 1965); X byssus retractor of the clam (Schaedler, in prepara-
tion); O skeletal. muscle of the rabbit (A, Weber et al., I 964; B, Filo et al., 
1965). Composition of solution : Mg-ATP 5 mM; Ca EGTA buffer 4mM; KC! 
0.05; histidine buffer 0.02 to 0.05 M, pH 7; temperature 20 C. 
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reagents. The actin and myosin 
components from different muscles 
are so similar that actin and myo-
sin from smooth and striated mus-
cle (Schirmer, 1965) and even 
from thrombocytes and striated 
muscle (Bettex-Galland and Liis-
cher, 1965) may be recombined to 
form hybrid contractile actomysin 
complexes. 
The functional identity of 
smooth and striated muscle pro-
vides strong evidence in favor of 
the conclusion which Fischer de-
rived from his comparison of the 
double refringence of the two types 
of muscle, i.e. the contractile struc-
ture seems to be practically identi-
cal. 
The functional identity of 
smooth and striated muscle may, in 
addition, offer an explanation for 
Fischer's birefringence results. 
From studies with skeletal muscle 
we know that the contribution of 
the (double helical) actin filaments 
to the birefringence of muscle is 
very small . The birefringence of 
the I-bands which contain actin but 
no myosin is about 10 times smaller 
than the birefringence of the myo-
sin containing A-bands. Conse-
quently we may consider total bi-
refringence as the sum of form 
birefringence due to the parallel 
arrangement of whole myosin fila-
ments and of intrinsic birefrin-
gence due to the parallel arrange-
ment of myosin molecules within 
each filament. 
II. DIFFERENCES IN STRUCTURE 
AND FUNCTIONAL 
PERFORMANCE OF 
ACTOMYOSINS FROM SMOOTH 
AND STRIATED MUSCLE 
The relatively si mple and uni-
form concept outlined in part I 
does not harmonize with the 
results of modern electronmicros-
copy. The electronmicrographs of 
thin sections from paramyosin-free 
vertebrate smooth muscles show 
only actin filaments and no myosin 
filaments (Needham and Shoen-
berg, 1964; Hanson and Lowy, 
1963; Elliott, 1964), in contrast 
to the electronmicrographs of stri-
ated muscles. The discrepancy be-
tween the presence of form bire-
fringence and the absence of myosin 
filaments in smooth muscles may 
be based on the presence of bire-
fringent paramyosin filaments in 
the retractor muscles of Phascolos-
oma and Thyone, investigated by 
Fischer. At least one of these 
muscles-retractor of Phascolos-
oma-gives a strong paramyosin 
x-ray diffraction pattern (Bear, 
1945). 
The lack of demonstrable myo-
sin filaments in electronmicrographs 
of smooth muscle makes it difficult 
to apply the generally accepted 
concept of sliding filaments to the 
contractile mechanism of verte-
brate smooth muscles. However, 
the details of contraction and 
chemistry (see part I) strongly 
suggest the presence of a similar 
contractile mechanism in all types 
of muscles and even in contractile 
cells. Consequently, information 
concerning the properties of myo-
sin from smooth muscles is needed. 
The filaments of all types of 
myosin are formed spontaneously 
as soon as the myosin becomes 
insoluble. If the ionic strength of 
ATP-free myosin solutions is low-
ered, the myosin does not form an 
amorphous precipitate but pro-
duces typical filaments of some-
what varying size, as outlined 
above (Huxley, 1963; Hanson and 
Lowy, 1963). It is therefore tempt-
ing to assume that under physio-
logical conditions in the presence 
of ATP, smooth muscle myosin is 
soluble even at low ionic strength! 
In fact , the actomyosin of all in-
vestigated vertebrate smooth mus-
cles is so soluble that it can be 
easily and completely extracted at 
0.1 µ . * Skeletal muscle actomyo-
sin, on the other hand, is com-
pletely extracted only at ionic 
strengths above 0.3 µ. 
This unusually high extractabil-
ity of smooth muscles is dependent 
on the presence of ATP from the 
extracted muscle. Unlike actomyo-
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sin from striated muscle, smooth 
muscle actomyosin is not only dis-
sociated by ATP, but also the myo-
sin component is rendered soluble 
by ATP even at low ionic strengths 
(Laszt and Hamoir, 1961 ; Schir-
mer, 1965). The dissociation of 
actomyosin and the solubility of 
the myosin component from smooth 
muscle can be recognized in ultra-
centrifugation studies, i.e. after 
sedimentation at 100,000 X g the 
pellet contains actin almost free of 
ATPase activity. 
The myosin in the supernatant 
is not completely dispersed. Its ag-
gregation is shown by a sedimenta-
tion constant of 12 S (Laszt and 
Hamoir, 1961; Schirmer, 1965) as 
compared with the normal value 
of 6 S. These aggregates are so 
much smaller than the myosin fila· 
ments of striated muscle that, unlike 
these filaments, they cannot be seen 
in the electronmicroscope when 
they are negatively stained (Hanson 
and Lowy, 1963; Shoenberg et al., 
in press). The high dispersion and 
solubility of smooth muscle myosin 
is due to the presence of ATP. 
This is shown by the precipitation 
of smooth muscle actomyosin or 
myosin at low ionic strengths (see 
also part I) when ATP is removed 
by dialysis (Laszt and Hamoir, 
1961). Actomyosin and myosin be-
come soluble again after addition 
of ATP (Laszt and Hamoir, 1961) . 
Consequently, the actomyosin of 
smooth muscle may be purified by 
·~ Since actomyosin prepared from 
smooth muscle can be extracted at 
0.1 µ ionic strength as well as at 0.6 
µ ionic strength, it was believed that 
there were two types of actomyosin 
(Laszt and Hamoir, 1961), one type 
dissolving as true actomyosin at 0.6 µ 
ionic strength, and another type, the 
so-called tonoactomyosin, dissolving 
at 0.1 µ ionic strength. However, it 
was found later (Riiegg et al., 1965) 
that the so-called tonoactomyosin is 
identical with the actomyosin ex-
tracted at high ionic strength and that 
no actomyosin can be extracted if the 
previous extraction of tonoactomyosin 
was exhaustive (Riiegg et al ., 1965). 
repeated cycles of solution and 
precipitation by ATP addition and 
removal (Riiegg et al., 1965) . 
When such purification cycles are 
continued for three days the acto-
myosin is still as soluble as in the 
extract (Schirmer, 1965). How-
ever, after agirtg for about one 
week, even without purification, 
the solubility at low ionic strengths 
is greatly diminished (Schirmer, 
1965) . The high solubility of the 
native myosin component under 
physiological conditions satisfac-
torily accounts for lack of myosin 
filaments in smooth muscle, in spite 
of the fact that purified smooth 
muscle myosin aggregates spontane-
ously into filaments when the ionic 
strength is lowered in the absence 
of ATP (see part I). However, the 
ability of living smooth muscles to 
contract in spite of the absence of 
myosin filaments remains puzzling, 
since ATP-free actomyosin gels pre-
pared from vertebrate smooth mus-
cles do not contract after addition 
of ATP but dissolve (Laszt and 
Hamoir, 1961; Schirmer, 1965), in 
contrast to actomyosin from striated 
muscle which superprecipitates un-
der these conditions. 
This difference between contrac-
tile living smooth muscle and non-
contractile isolated systems disap-
pears under conditions in which 
the high solubility of the myosin 
component is abolished. 
Thus the actomysin system iso-
1 ated from vertebrate smooth mus-
cles contracts: 
1) if the actomyosin prepara-
tion is aged for about one week, 
2) if the contractile system is 
functionally isolated by extraction 
of the fiber with 50 % glycerol for 
several days (Schirmer, 1965), 
3) if the actomyosin preparation 
is kept at pH 6 before ATP addi-
tion (Schirmer, 1965), 
4) if synthetic actomyosin is syn-
thesized from purified actin and 
myosin, 
5) if the actomyosin is reprecip-
itated several times in the presence 
of about 5 mM Ca++ ions (Filo, 
Bohr, and Rliegg, 1963). The high 
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solubility disappears irreversibly 
with these treatments except in 
condition ( 3). If the pH of the 
living muscle is lowered to 6 in the 
presence of C02, the actomyosin 
is no longer extractable with pH 6 
buffered solutions of low ionic 
strength. Subsequently it can still 
be extracted if the pH is readjusted 
to 7 (Schirmer, 1965). 
The mechanism of contraction 
of isolated systems under all these 
conditions is almost certainly simi-
lar to the contraction of isolated 
actomyosin from skeletal muscle. 
Contraction is even possible in arti-
ficial actomyosin prepared by com-
bining smooth muscle myosin with 
striated muscle actin and vice versa 
(Schirmer, 1965). 
One wonders whether or not the 
high solubility of myosin and acto-
myosin in fresh actomyosin prep-
arations is an artifact. Isolated acto-
myosin systems of smooth muscle 
are able to contract as soon as 
the high solubility of actomyosin 
and myosin is diminished, while 
within the living smooth muscle 
cell the actomyosin system is al-
ways able to contract. The possi-
bility of an artifact must be se-
riously taken into account since a 
number of protein factors were 
isolated recently from skeletal mus-
cles, including "native tropomyo-
sin" (Ebashi, Ebashi, and Maru-
yama, 1964) and "inhibitor" (Perry, 
in press), both of which inhibit the 
interaction between actin and myo-
sin and may also raise the solubility 
of myosin. Thus it seems possible 
(Filo et al, 1963) that smooth 
muscles contain similar solubilizing 
proteins which, however, may be 
located differently from actomyosin 
in situ so that they do not react 
with the contractile proteins in liv-
ing muscle. After extraction these 
proteins would then be able to 
combine and react with actomyo-
sin. 
This possibility has so far not 
been confirmed experimentally. At 
least it is clear that the high acto-
myosin solubility in the ATP-
containing extract is not caused by 
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"native tropomyosin." The action 
of this factor is inhibited with 
about 10-0 M calcium ions (Ebashi 
et al., 1964) while the actomyosin 
in fresh extracts remains dissociated 
and soluble even after raising the 
Ca++ ion calcium concentration to 
about 10-• M with calcium EGTA 
[ethyl-eneglycol bis (amino-ethyl-
ether)-N, N "-tetraacetic acid] buf-
fers. There is no evidence that an-
other of the actomyosin contami-
nating proteins is the "solubilizing 
factor." Actomyosin reprecipitated 
several times by the described "ATP 
method" still dissolves after addi-
tion of ATP, although most of the 
contaminating proteins, including 
free tropomyosin B, are removed 
by this method (Schirmer, 1965) . 
If myosin is then separated from 
such actomyosin in the preparative 
ultracentrifuge, the high solubility 
of myosin at low ionic strengths is 
diminished. However, it must be 
remembered that this isolation pro-
cedure requires about a week which 
is sufficient time to make smooth 
muscle actomyosin ATP-insoluble 
and contractile through aging even 
without purification (Schirmer, 
1965) . 
Since the other actomyosin treat-
ments mentioned above under con-
ditions 1), 2), 4), and 5) also 
involve about one week's aging, two 
alternatives remain: 
1) Aging for about one week 
abolishes the high solubility of ac-
tomyosin through selective denatur-
ation which does not impair con-
tractile function and A TPase ac-
tivity. 
2) Within one week a solubiliz-
ing factor is removed by either 
purification or denaturation of the 
factor. 
Even if the first of these possi-
bilities pertains, native myosin 
would not be totally disolved in 
the living cell. In the presence of 
actin the solubility of fresh myosin 
under physiological conditions is 
about 3 to 4 mg per ml (Schirmer, 
1965). From the actomyosin con-
tent of smooth muscle-5 mg in 
1 ml muscle (Ruegg et al., 1965) 
-an intracellular myosin concen-
tration of about 20 mg''' per ml 
of muscle cells can be calculated. 
Thus it would appear that about 
80 % of the myosin exists as a gel 
structure and not as a sol. The 
question is why this structure ("in-
soluble" myosin) does not form 
the type of myosin filaments which 
are formed in vitro and which are 
so typical for striated muscle. It 
remains for future research to find 
out the detailed structure of smooth 
muscle myosin within the smooth 
muscle cell. It is very likely that 
the measurement of intrinsic and 
form birefringence applied so suc-
cessfully by Ernst Fischer will be 
extremely helpful in defining this 
structural analysis. 
* This calculation is based on the 
assumption that the connective tissue 
is about 25% and the extracellular 
space about 40% to 50% of the 
muscle volume, i.e. the intracellular 
space containing all the myosin is 
about four times smaller than the 
volume of the whole tissue. 
REFERENCES 
AsTBURY, W. T. AND S. DICKINSON. 
Intramolecular transformation of 
myosin. Nature 135: 95, 1935. 
ASTBURY, W. T. AND S. DICKINSON. 
X-ray adventures among the pro-
teins. Trans. Faraday Soc. 34: 378-
388, 1938. 
BARANY, M., AND F. JAISLE. Kontrak-
tionszyklus und Interaktion zwis-
chen Aktin und L-Myosin unter 
der Wirkung Spezifischer Interak-
tions Inhibitoren. Biochim. Biophys. 
Acta 41: 192, 1960. 
BEAR, R. S. Small-angle x-ray dif-
fraction studies on muscle. J. Am. 
Chem. Soc. 67: 1625, 1945. 
BETTEX-GALLAND, P. H. AND E. F. 
LuscHER. Dissoziation des Throm-
bosthenins in seine zwei Kompo-
nenten Untersuchung ihrer Ade-
nosintriphosphatase-Aktivitiit. Helv. 
Chim. Acta 46: 1595, 1965. 
BOEHM, G. AND H. H. WEBER. The 
rontgen diagram of stretched myo-
sin fibers. Ko/laid Z. 61: 269-270, 
1932. 
BOHR, D. F., R. s. FILO AND K. F. 
Gunrn. Contractile protein in vas-
cular smooth muscle. Physiol. Rev. 
42 (Suppl. 5): 98-112, 1962. 
CARSTEN M. E. A study of uterine 
actin. Biochemistry 4: 1049, 1965. 
COHEN, C., S. LOWEY AND J. KUCERA. 
Structural studies on uterine myo-
sin. J. Biol. Chem. 236: 23 PC, 
1961. 
EBASHI, S., F. EBASHI, AND K. MARU-
y AMA. A new protein factor pro-
moting contraction of actomyosin. 
Nature 203: 645, 1964. 
ELLIOTT, G. F. X-ray diffraction 
studies on striated and smooth 
muscles. Proc. Roy. Soc. London 
Ser. B 160: 467, 1964. 
FILO, R. S., D . F. BOHR AND J. C. 
RUEGG. Actomyosia-like protein of 
arterial wall. Am. J. Physiol. 8: 
503, 1936. 
FILO, R . S., D. F. BOHR AND J . C. 
RUEGG. Glycerinated skeletal and 
smooth muscle: calcium and mag-
nesium dependence. Science 147: 
1581, 1965. 
FISCHER, E. The changes in birefrin-
gence during contraction and stretch 
of a smooth muscle (retractor of 
Phascolosoma). J. Cellular Comp. 
Physiol. 8: 503, 1936. 
FISCHER, E. The submicroscopical 
structure of muscle and its changes 
during contraction and stretch. 
Cold Spring Harbor Symp. on 
Quantitative Biol. 4: 214-223, 
1936. 
FISCHER, E. The birefrengence of 
smooth muscle (Phascolosoma and 
Thy one) as related to muscle 
length, tension and tone. J. Cellular 
Comp. Physiol. 12: 85, 1938. 
GASPARD-GODFROID, A. L'activite ade-
nosinetriphosphatasique de la tono-
myosine de carotides de bovide. 
Angiologica (Basel) 1: 12-35, 
1964. 
HANSON, J. AND J. LOWY. The struc-
ture of actin filaments and the 
origin of the axial periodicity in 
the I-substance of vertebrate stri-
ated muscles. Proc. Roy. Soc. Lon-
don Ser. B 160: 449, 1963. 
HANSON, J. AND J. LOWY. The prob-
lem of the location of myosin in 
the vertebrate smooth muscle. Proc. 
Roy. Soc. London Ser. B 160: 523, 
1963. 
H. H. WEBER AND J. C. RUEGG 
HASSELBACH, w. Relaxing factor and 
the relaxation of muscle. Prag. 
Biophys. 14: 169, 1964. 
HASSELBACH, w. Arzneimittel-Forsch-
ung 10: 404, 1960. 
HASSELBACH, W. AND 0. LEDERMAIR. 
Der Kontraktionscyclus der isolier-
ten contractilen Strukturen der 
Uterasmuskulatur und seine Be-
sonderheiten. Arch. Ges. Physiol. 
(Pfliigers) 267: 532, 1958. 
HASSELBACH, W. AND G. SCHNEIDER. 
Der L-Myosin und Aktingehalt des 
Kaninchenmuskels. Biochem. Z. 
321: 462, 1951. 
HOFFMAN-BERLING, H. Das Kontrak-
tile Eiweiss Undifferenzierter Zel-
len. Biochim. Biophys. Acta 19: 
453, 1956. 
HOFFMAN-BERLING, H. Fortschritle 
Zoologie 11: 142, 1958. 
HUXLEY, H. E. Electron microscope 
studies on the structure of natural 
and synthetic protein filaments 
from striated muscle. J. Mo!. Biol. 
7: 281, 1963 . 
LASZT, L. AND G. HAMOIR. :Etude 
Par Electrophorese et Ultracentrifu-
gation de la composition proteinque 
de la Couche Musculaire des Ca-
rotides de Bovide. Biochim. Bio-
phys. Acta 50: 430, 1961. 
NAESLUND, J. AND 0 . SNELLMAN. Un-
tersuch ungen uber die Contrac-
tilitat im Korpus, Isthmus und in 
der Cervix uteri unter normalen 
Verhaltnissen und Wahrend der 
Schwangerschaft und der Entbind-
ung. Arch. Gynakol. 180: 137, 
1951. 
NEEDHAM, D. M. AND J. CAWKWELL. 
Some properties of the acto-myosin-
like protein of the uterus. Biochem. 
J. 63: 337, 1956. 
NEEDHAM, D. M. AND J. WILLIAMS-
CAWKWELL. The proteins of the 
dilution precipitate obtained from 
salt extracts of pregnant and non-
pregnant uterus. Biochem. J. 89: 
534, 1963. 
NEEDHAM, D. M. AND C. F. SHOEN-
BERG. Proteins of the contractile 
mechanism of mammalian smooth 
muscle and their possible location 
in the cell. Proc. Roy. Soc. London 
Ser. B 160: 517, 1964. 
NoLL, D . AND H . H. WEBER. Polar-
isationsoptik und molekularer Fein-
bau der 0-Abschnitte des Frosch-
muskels. Arch. Ges. Physiol. 
(Pflugers) 235: 234, 1935. 
PERRY, S. Biochem. J., in press. 
PETERSON, R. P. A note on the struc-
ture of crayfish myofilaments. J. 
Cell Biol. 18: 213, 1963. 
PORTZEHL, H., P. ZAORELEK AND A. 
GRIEDER. Calcium level in isolated 
muscle fibrils of maia squirado, and 
its regulation by the sarcoplasmic 
vesicle. Arch. Ges. Physiol. (Pflu-
ger) 286: 44, 1965. 
RUEGG, J. C. On the tropomyosin-
paramyosin system in relation to 
the viscous tone of lamellibranch 
"catch" muscle. Proc. Roy. Soc. 
London Ser. B 154: 224-249, 1961. 
RUEGG, J . c., E. STRASSNER, AND R.H. 
SCHIRMER. Extraktion und Reinig-
ung von Arterien-Actomyosin, Ac-
tin und Extra globulin. Biochem . Z. 
343: 70-85, 1965. 
SCHIRMER, R. H . Die Besonder Reiten 
des contractilen Proteins der Arter-
ien. Biochem. Z. 343: 269-282 , 
1965. 
SHOENBERG, c. F., J. c. RUEGG, D. M. 
NEEDHAM, R. H. SCHIRMER AND H. 
NEMETSCHEK-GANSLER. Biochem. 
Z., in press. 
STRAUB, F. B. Studies Inst. Med. 
Chem. Univ. Szeged. 3: 23, 38, 
1943. 
SzENT-GYORGYI, A. Chemistry of Mus-
cular Contraction . New York; Aca-
demic Press, 1947. 
ULBRECHT, G. AND M. ULBRECHT. Z. 
Naturforschg. 7b: 434, 1952. 
WEBER, A., R. HERZ AND I. REISS. 
The regulation of myofibrillar ac-
tivity by calcium. Proc. Roy. Soc. 
London Ser. B 160: 489-501, 1964. 
WEBER, H. H. Der Feinbau und die 
mechanischen Eigenschaften des 
Myosinfadens. Arch. Ges. Physiol. 
(Pfluger) 235: 205-233, 1935. 
WEBER, H. H. The Motility of Muscle 
and Cells. Cambridge, Mass. : Har-
vard University Press, 1958. 
77 
